Quantitative Gas-Chromatographic Determination of

Short-Chain Fatty Acids in Aqueous Samples
Dennis P. Coliin,"2 Patrick G. McCormick,1'3 and Milton G. Schmitt, Jr. 4 We report the use of SP-1200 (Supelco Inc.) for quantitative gas-chromatographic determination of shortchain fatty acids (C2-C5) in stool water. The ratio of peak areas for these acids to that for 2-methylvaleric acid (internal standard) is linear for each acid from 60 to 1800 mg/liter. Lactic acid, occasionally present in stool in abnormally high amounts, is not detectable as the free acid on SP-1200, but is determined as its propyl ester on diethyleneglycolsuccinate. Inc.) has been developed (9) that largely eliminates peak tailing and provides complete separation of the butyric and valerie acid isomers. With this method, analysis of the acids of interest is completed in less than 5 mm, including 2-methylvalerie acid, which is used as the internal standard,
In some cases, the presence in the sample of measurable quantities of lactic acid caused discrepancies between the total acidity as determined by titration and by summation of the gas-chromatographic peak areas, because this compound could not be detected as the free acid on the SP-1200 column.
It was determined as its propyl ester by a modification of the method of Staruszkiewicz et al. (10) . Collection and preparation of the stool samples were as described previously (7) . A sample was eluted through the ion-exchange column with NaCI (100 mmol/liter) and the first 80 ml of eluent was collected for titration. A 100-tl auquot of this solution was removed before titration, for gaschromatographic analysis.
Materials and Methods
Results and Discussion
The performance of three different gas chromatographic columns was evaluated for their ability to separate the SCFA of interest. Using Porapak Q, Mahadevan and Stenroos (11) reported excellent linearity of response for each of the acids. On Porapak QS, used in this laboratory, all of the peaks were quite broad and exhibited significant tailing. In addition, the isomers of both butyric and valerie acids were not well resolved.
Chromosorb 101 was also evaluated, because several workers have reported its use for separating these acids (12) (13) (14) . Although this packing resulted in relatively sharper peaks, which were eluted in less time than those on the Porapak QS, the butyric acid isomers were still insufficiently resolved.
A polyester liquid phase, SP-1200 (Supelco Inc.), developed by Ottenstein and Bartley (9) , provided sharp, complete separation of all the acids. Total analysis time (3 mm) was half of that for either of the other columns tested. Ot- On the average, variation in area determined for a given concentration was ±5%, and frequently was as much as ± 10%. The nonlinearity was probably attributable to the cumulative effects of inability to accurately reproduce sample volume, absorptive losses within the column, and inherent variability of response of different attenuation settings resulting from unmatched electrical components.
We decided that addition of a suitable internal standard would eliminate these variable parameters.
Ackman ( The ratio of the SCFA area to the area of the internal standard was plotted versus the SCFA concentration.
As Figure  1 shows, the relation was linear for each of the predominant acids from 60 to 1800 mg/liter.
In examining clinical samples, we noted that most concentrations were <300 mg/liter. Consequently, a second standard curve was prepared for the appropriate concentration range. The response for all six acids was linear. With the use of the internal standard, area reproducibility for a given concentration was routinely better than ±2%, except for the lower concentrations of acetic acid, which varied up to ±3.5%.
Correlation between titration data and gas-chromatographic data was generally better than 95%. However, in a few cases, the total concentration of all acids found by gas chromatography represented less than that determined by titration.
We found that in addition to the SCFA, the original samples sometimes contained measurable amounts of lactic, succinic, and fumaric acids. The latter two acids were retained by the ion-exchange column, but lactic acid was eluted with the SCFA in the first 80 ml and, thus, contributed to the total titrable acidity. However, it was not detectable as the free acid on the SP-1200 column. Lactic, suceinic, and fumaric acids have been determined in aqueous samples as their propyl esters (10) . We separated these esters on a column that was a modification of that described and consisted of 5% diethyleneglycolsuecinate coated on Chromosorb G-HP. Under these modified conditions, analysis of succinic acid, which had required 19 mm, was
